Abstract The aim of this study was to examine drug prescribing trends for patients with rheumatoid arthritis (RA) over recent years and compare them to matched non-RA subjects. Retrospective prescription data were examined from 2005 to 2014 in a population-based incidence cohort of patients with RA and comparable non-RA subjects. Drugs for or related to the treatment of RA were excluded. Comparisons between cohorts of percentages of patients with at least one prescription in a specific drug category/class were performed using Poisson regression models adjusted for age and sex. The study included 497 RA (71 % female) and 527 non-RA subjects (70 % female). The overall observed percentage of subjects who were prescribed at least one drug over the 10-year period was somewhat higher among the RA compared to non-RA subjects (relative risk [RR], 1.04; 95 % confidence interval [CI], 0.99, 1.08). Over the study period, both groups demonstrated significant increases in the percentages of patients with at least one prescription (age-and sex-adjusted 7 % increase over 10 years in RA, p < 0.001; 11 % increase in non-RA, p < 0.001). Drugs that were more common among RA than non-RA included gastrointestinal drugs, antimicrobials, calcium metabolism modifiers, thyroid hormone replacement therapy, tricyclic antidepressants, antiasthma/inhaled corticosteroids, proton pump inhibitors, contraceptives, antihypertensives, and some others. Prescription drugs that were less common in RA than non-RA were statins and other antilipemic drugs. Excluding drug prescriptions specifically for treatment of RA, there was a marked overall increase in prescriptions for drugs for both RA and non-RA cohorts over the study period.
Over recent years, the use of prescription drugs has been steadily on the rise around the world and especially so in first-world countries including most of Europe, the UK, Canada, and the USA [1] [2] [3] [4] . In line with this increase and according to the World Health Organization (WHO), the pharmaceutical market will grow by at least $100 billion USD, or from 300 to 400 billion a year market, in just the next 3 years; 85 % of the global market will be in Europe, Japan, and North and South America [5] .
Nearly 60 % of US adults are reported to take at least one prescription drug in 2012, and 15 % of adults take five or more prescription drugs, up from 51 and 8 % respectively just 10 years prior [6] . Another recent study published in 2013 has placed an even higher percentage of all US adults (≥18 years of age) taking at least one prescription closer to 70 % [7] . Older Americans are often the group most affected by this increase. A recent report from the US Department of Health and Human Services (HHS) stated that 9 out of 10 adults 60 years of age or older self-reported taking at least one prescription drug in the last month [1] . HHS has also recently reported that prescription drug spending accounts for 16.7 % of all US health care spending in 2015 compared to 15.3 % in 2013, a stark contrast to 7 % just 20 years earlier in 1995 [8] .
Several subsets of the population and classes of drugs have been of interest in studies examining this relatively recent and large increase in prescription drug use. Prescription trends can, for instance, indirectly reflect the burden of disease in a particular population [9] . One such population, for whom only limited data are available, are persons with rheumatoid arthritis (RA). Patients with RA often take several drugs for management of their disease, as well as comorbid conditions which are more frequent in these patients. For example, patients with RA are known to suffer higher rates of cardiovascular disease, infections, depression, and fibromyalgia than t he general populati on [10] [11] [12] [13] . Furthermore, prescription drug patterns can be used in evaluating adherence to established therapy guidelines in RA and identify areas in need for improvement [14] . The population health burden of RA is particularly important because the Centers for Disease Control and Prevention (CDC) estimated that RA affected 1.5 million Americans in 2007 and this number is projected to continue to grow over time [15] .
The aim of this study was to identify trends in nonrheumatoid prescription drugs among patients with RA compared to similar subjects without RA over recent years and to describe the differences in prescription patterns between the two groups.
Methods

Study population
This retrospective cohort study was approved by the Mayo Clinic and Olmsted Medical Center Institutional Review Boards. Study subjects were identified using resources from the Rochester Epidemiology Project (REP), a unique record linkage system that provides access to all inpatient and outpatient encounters among the residents of Olmsted County, Minnesota, including prescription information [16, 17] . All Olmsted County, Minnesota, residents aged 18 years or older who first fulfilled the 1987 American College of Rheumatology criteria for RA in 1980-2004 were previously identified [18] . A comparison cohort of patients without RA with similar age, sex, and calendar year was randomly selected from the same population. The index date was defined to be January 1, 2005, and included all patients from the RA and non-RA cohorts who were alive and followed for at least 3 months after that date. All subjects in both cohorts were followed longitudinally until death, migration, or December 31, 2014.
Data collection
All outpatient prescription drug data with both generic and trade names were collected for 2005 to 2014. Prescription drugs for and related to the treatment of RA, as well as drugs commonly available without a prescription, were excluded from the analysis. The following drug classes were excluded: nonbiologic and biologic disease-modifying antirheumatic drugs, nonsteroidal anti-inflammatory drugs, cyclooxygenase 2 inhibitors, glucocorticoids, opioid analgesics, antineoplastics, antimalarials, salicylates, vitamins, folic acid, and antigout drugs. Drug categories examined in the study are described in Table 1 . Drug classes were grouped based on national data for comparison purposes and to allow sufficient frequency for analysis when necessary [6] .
Subjects with <3 months of follow-up in a particular calendar year were excluded from the analysis of that calendar year. Diagnoses of comorbidities prior to index were obtained electronically for both cohorts and classified using the Deyo adaptation of the Charlson comorbidity index [19] . These included myocardial infarction, peripheral vascular disease, cerebrovascular disease, peptic ulcer disease, diabetes mellitus, and cancer. Smoking status and educational achievement were obtained from self-answered questionnaires routinely administered at clinic visits.
Statistical analysis
Descriptive statistics (means, percentages, etc.) was used to summarize the characteristics of each cohort. Characteristics were compared between cohorts using chi-square and rank sum tests. Age adjustment was necessary in order to assess trends over time because this study cohort aged over the 10-year period of the study. Yearly estimates of the percentage of subjects with prescription drugs by category/class were adjusted to the age and sex distribution of the entire study cohort using Poisson regression models with smoothing splines for calendar year to allow for nonlinear effects. Poisson regression models adjusted for age and sex were also used to estimate the relative risk of drug use among those with RA compared to those without RA. Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R 3.1.1 (R Foundation for Statistical Computing, Vienna, Austria).
Results
A total of 1024 subjects, 497 patients with RA (71 % female) and 527 non-RA comparator subjects (70 % female), were included in the study. Median age on January 1, 2005, for RA and non-RA subjects was 61 years (range 25-95) and 63 years (range 26-95), respectively. Among the patients with RA, the median duration of RA at index date was 7.5 years (range 0 to 24.8). Median time from January 1, 2005, to last follow-up for both RA and non-RA subjects was 9.9 years. Comorbidities prior to index were similar among both groups with notable exceptions of peptic ulcer disease (13 % non-RA vs 19 % RA) and peripheral vascular disease (12 % non-RA vs 19 % RA). Former and/or current smoking was more common among RA patients at 55 % compared to non-RA at 46 %. Both cohorts were predominantly Caucasian (96 % non-RA, 94 % RA) ( Table 2) .
The overall observed percentage of subjects, who were prescribed at least one non-RA-related drug over the 10-year period, was higher among patients with RA compared to non-RA subjects, but this difference did not reach statistical significance (age-and sex-adjusted relative risk [RR], 1.04; 95 % confidence interval [CI], 0.99, 1.08). Overall, women with RA were more likely to have at least one prescription than women without RA (age-and sex-adjusted RR, 1.05; 95 % CI, 1.00, a For non-RA, time from index date to baseline 1.11) with no differences observed between RA and non-RA men (age-and sex-adjusted RR, 0.99; 95 % CI, 0.91, 1.08; Fig. 1 ). There were somewhat more young RA patients than comparator subjects aged 18-49 years with at least one prescription (age-and sex-adjusted RR, 1.12; 95 % CI, 0.99, 1.26), but no differences in the percentages of patients with at least one prescription were seen in the older age groups. Over the observed time period, prescriptions for the gastrointestinal, antimicrobial, endocrine, respiratory, and antidepressant drug categories among patients with RA were significantly higher than for comparator subjects (age-and sexadjusted RR, (Fig. 2 ). There were no observed differences in the overall category rates for cardiovascular, CNS, or ophthalmic drugs (Table 3) .
During the study period, there were several specific drug classes for which the percentage of patients with at least one prescription differed between patients with RA and non-RA comparators. Fewer RA patients were prescribed statins (ageand sex-adjusted RR, 0.83; 95 % CI, 0.76, 0.90) and nonstatin antilipemic drugs (age-and sex-adjusted RR, 0.56; 95 % CI, 0.44, 0.70), as well as insulin/oral hypoglycemics (age-and sex-adjusted RR, 0.84; 95 % CI, 0.73, 0.97).
In contrast, more patients with RA compared to non-RA subjects received prescriptions for beta-lactams (age-and sexadjusted RR, 1.28; 95 % CI, 1.17, 1.41), other antimicrobials (age-and sex-adjusted RR, 1.49; 95 % CI, 1.33, 1.66), calcium metabolism modifiers (age-and sex-adjusted RR, 1.78; 95 % CI, 1.57, 2.02), thyroid hormone replacement therapy (age-and sex-adjusted RR, 1.21; 95 % CI, 1.09, 1.34), antiasthma/inhaled corticosteroids (age-and sex-adjusted RR, 1.21; 95 % CI, 1.08, 1.37), and proton pump inhibitors (age-and sex-adjusted RR, 1.45; 95 % CI, 1.32, 1.59) (Fig. 3) . Additionally, RA patients received more tricyclic antidepressants (age-and sex-adjusted RR, 1.49; 95 % CI, 1.25, 1.77), antianginals/anticoagulants (age-and sex-adjusted RR, 1.23; 95 % CI, 1.09, 1.40), non-proton pump inhibitor antiulcer drugs (age-and sex-adjusted RR, 1.58; 95 % CI, 1.26, 1.98), oral contraceptives (age-and sex-adjusted RR, 1.69; 95 % CI, 1.37, 2.08) macrolide antibiotics (age-and sex-adjusted RR, 1.48; 95 % CI, 1.30, 1.68), fluoroquinolones (age-and sexadjusted RR, 1.29; 95 % CI, 1.16, 1.45), sulfonamides (ageand sex-adjusted RR, 1.22; 95 % CI, 1.02, 1.45), estrogen/ progesterone formulations (age-and sex-adjusted RR, 1.54; 95 % CI, 1.20, 1.99), and antihypertensives (age-and sexadjusted RR, 1.11; 95 % CI, 1.04, 1.18).
In 2014, the five drug classes with the highest rate of subjects receiving prescriptions (after adjusting for age and sex) were antihypertensives (55 % RA vs 49 % non-RA), statins (29 % RA vs 35 % non-RA), proton pump inhibitors (28 % RA vs 18 % non-RA), beta-lactams (26 % RA vs 19 % non-RA), and thyroid hormone replacement (23 % RA vs 19 % non-RA).
Examining time trends over the 10-year study period, both the patients with RA and the non-RA comparators demonstrated significant increases in the percentages of patients with at least one prescription (age-and sexadjusted 7 % increase over 10 years in RA p < 0.001; 11 % increase in non-RA, p < 0.001). According to drug class, most drug classes showed significant increases over time among both groups ( Table 3 ). The overall increases among the RA patients were driven by the older ages (age ≥65 years), as the changes over time among the young (age 18-49 years) and the middle aged (age 50-64 years) were not significant (age-and sex-adjusted 1 % decrease in young, p = 0.86; 6 % Table 1 for category makeup) RA rheumatoid arthritis), CNS central nervous system increase in middle aged, p = 0.22; 10 % increase in older ages, p < 0.001). In contrast, there were significant increases among the non-RA comparators in all age groups (age-and sex-adjusted 26 % increase in young, p = 0.005; 8 % increase in middle aged, p = 0.007; 11 % increase in older ages, p < 0.001). Of note, the seemingly sizable differences in trends between the young RA (1 % decrease) and the young non-RA (26 % increase) did not reach statistical significance (interaction p = 0.25). Overall, the percentages of women with at least one prescription increased over time in both groups (age-adjusted 7 % increase in RA, p = 0.006; 13 % increase in non-RA, p < 0.001). The increases over time in men with at least one prescription did not reach statistical significance in either group (6 % increase in RA, p = 0.079; 8 % in non-RA, p = 0.058).
Discussion
The results of this study demonstrate a significant increase of overall prescription drug use over time, both for patients with RA and for non-RA comparators. This increase is due to an increased number of subjects with at least one prescription in most, although not all, drug classes. More women with RA had a prescription for at least one drug when compared to ageand sex-matched non-RA women after excluding antirheumatic drugs.
The observed overall increase in prescription drug use for both cohorts is comparable to previous study from the National Health and Nutrition Examination Survey (NHANES) cycle data which reported that approximately 90 % of US adults, 65 years of age or older, have at least one prescription [6] . The most commonly prescribed drugs in the current study were antihypertensives, in slightly over Table 1 for class  makeup) half of RA patients and comparators, which are percentages approximate with the American Heart Association's prevalence estimates for US adults with hypertension in 2012 of 54 % for those 55-64 years of age [20] . In the current study, more patients with RA, however, had a prescription for at least one drug than comparator subjects despite removal of RArelated therapy; although this small difference did not reach statistical significance, it did persist over the study period. A larger difference between RA and non-RA was noted in use of opioid analgesics, which were excluded from this study. There has been a significant difference in opioid prescriptions over comparators in this same population over the same time period; 40 % of patients with RA received a prescription versus 12 % of non-RA comparator subjects in 2014 [21] . Antidepressants as a drug class demonstrated one of the largest overall increases over the 10 year period, likely a result of the increasing recognition and treatment of depression in the general population.
Despite this overall increase in prescription drugs over time, fewer patients with RA are prescribed statins and nonstatin antilipemic agents than their non-RA counterparts. Although there was an overall increase in cardiovascular category prescription drugs over time in both groups, and while this increase was primarily driven by statin and antihypertensive prescriptions, fewer patients with RA received prescriptions for cardiovascular drugs than comparators over the observed period. This is concerning as patients with RA are at increased risk for cardiovascular events and are often at sufficiently high risk to require statin therapy [13, 22] . A previous study from this same population found that patients with RA were not adequately initiated on lipid lowering therapy when they met clinical guidelines set by the National Cholesterol Education Program (NCEP) and their lipids were tested less frequently than individuals from the general population [23] .
In addition, as previously reported, patients with RA in this cohort had a significantly higher incidence of peripheral vascular disease than comparators, which is itself associated with a higher incidence of cardiovascular events, and yet were prescribed fewer statins [24, 25] . Related to the present findings, researchers from the Dutch Trial Registry recently found that RA patients were undertreated for both hyperlipidemia and hypertension due to no treatment or insufficient therapy to meet recommended target goals [26] . In contrast, more patients with RA are prescribed inhaled corticosteroids and antiasthma drugs than their non-RA counterparts, which may indirectly suggest a higher prevalence of obstructive lung disease as both the lungs and pleura are common sites for extraarticular involvement in these patients [27] .
Moreover, patients with RA are more likely to be prescribed antimicrobials, especially beta-lactams, which is likely in part a reflection of higher rates of infection as a result of both antirheumatic therapies and the disease-related alteration of the immune system in conjunction with a provider's willingness to prescribe based on the knowledge of altered immunity [28] . Lastly, the significantly higher percentage of patients with RA who were prescribed proton pump inhibitors (28 vs 18 % in non-RA subjects for 2014) are likely in part a result of either prevention and/or treatment of antirheumatic therapy-related side effects. i.e., non-steroidal antiinflammatory-induced peptic ulcer disease [29] . As proton pump inhibitors have increasingly been associated with kidney disease (including chronic kidney disease), communityacquired pneumonia, and Clostridium difficile infection, caution in their use may be warranted [30] . This is the first study of prescription drug trends in a well-described, modern RA cohort over the most recent decade in which prescription data was analyzed from a robust data collection system. Moreover, the population of Olmsted County is stable, with few migrations, so it is quite likely that the prescription data is accurate and complete. Limitations include the lack of specific indications for which the drugs were prescribed, as well as lack of data on compliance. Prescriptions given outside Olmsted County, MN, were not included, although it is unlikely that this differed between patients with RA and comparators. Furthermore, the residents of Olmsted receive the majority of care within the county [31] . Cohorts included primarily Caucasians, so generalizability to other populations may be limited and differences between ethnicities could not be evaluated. The purpose of this study was to describe the patterns of prescription drugs and not of healthcare burden or cost, and while it is of public health importance, cost could not be directly ascertained.
Conclusion
Excluding drug prescriptions specifically for, or directly related to the treatment of RA, there was a marked overall increase in prescriptions drugs for both RA and non-RA cohorts over the study period. Overall, prescriptions for cardiovascular, ophthalmic, and CNS drug categories were similar among RA and non-RA subjects, but some prescribing patterns differed between the cohorts. Although patients with RA are at higher risk for cardiovascular events, they were consistently prescribed less statins and non-statin antilipemic than non-RA comparators. Patients with RA are consistently prescribed more proton pump inhibitors which may be associated with significant adverse effects over the long term.
Prescription patterns are helpful in understanding the burden of disease and gaps in knowledge about the medical needs of patients with RA. Further work in this field will shed more light on this important aspect of disease management and proper consolidation of patient's pharmacological therapies.
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